INTRODUCTION
The design and implementation of novel interactive systems presents a significant challenge to human factors' considerations. Traditional methods of task analysis fail to capture key user needs and prove to be ineffective in accounting for salient factors within the intended context of use. 1 The alternative approach of eliciting requirements directly from users can be equally problematic, as participants do not necessarily base their considerations upon future tasks and technologies, but prefer to focus on those with which they are most familiar. It is often useful to differentiate between two broad categories of problems concerning the development of novel interactive systems: (1) problems in realizing specified user requirements due to design or implementation error, and (2) problems in the accuracy of requirements due to discrepancies between the specified user requirements and true user requirements. 2 The latter may be of particular importance, especially when multidisciplinary teams are working on a common task. Gaining insights into the origin and misspecification of user needs, and elaborating upon the key perceptions upon * Author to whom correspondence should be addressed. which users base their evaluations, during the early stages of the development lifecycle, can provide substantial benefits to system designers in minimising the risk of technology rejection by the intended users. This study investigated major users' acceptance characteristics during the implementation of a mobile Augmented Reality (AR) system that was designed for science education, by applying an empirically verified model of technology acceptance. In identifying key factors of user adoption and making informed design decisions based upon them, designers can assess the appropriateness of the technological solution for the specific needs of the users. This in turn maximises the potential for return on investment through the selection and implementation of appropriate technologies and learning content. In applying the Technology Acceptance Model (TAM) to the domain of educational technology, it is anticipated that a greater understanding is gained on what kind of affective, motivational and cognitive variables contribute to the acceptance of technology. Additionally, a usability measure, as specified by ISO 9241-11, 3 is integrated within TAM, namely the affective component of user satisfaction. This model is then utilised in testing hypothesised gender effects, and in validating ergonomic requirements for wearable technologies, mainly dimensions of user comfort and exertion. 4 5 This testing can support the argument that ergonomic standards and other data sources, concerning human characteristics, are often misinterpreted or misused, even when such data are taken into consideration in the first place. When such methods are misapplied, the investigation is prone to a wide range of problems, particularly with respect to content presentation, issues of usability, lack of focus and relevance on the target audience, poor refresh schedules and obsolescence.
Current conceptions of usability typically investigate whether technology is, or will be, used, and examine the extent to which technology is 'fit for purpose'. This approach usually overlooks that the use of technology can often be optional. For example, in environments where people can choose to use technology or not, the first challenge should be to get people using the technology in the first place. The domain of application for the present work is problematic from two points of view: firstly, the target audience, i.e., adolescents, might not be able to provide clear and complete sets of user requirements, while this may be further compounded by the intended domain of education, i.e., what are the specific requirements that are important for the development of educational technology? Secondly, the target technology is novel and for the most part unfamiliar to end-users. Human factors processes based upon guidelines, heuristics and checklists are often considered to be somewhat arbitrary, which raises questions as to the suitability and ability to be generalised across different technology domains and applications. 6 While it may be possible to adapt traditional methods of human factors research, it is felt that an alternative approach may prove more valuable, particularly when early technology development results in functional prototypes for specific domain applications. It is therefore proposed that TAM can compliment more detailed usability evaluations conducted at a more granular level, in offering a formalised methodology of data analysis, as well as validated instrumentation for obtaining user perceptions, beliefs and intentions in using the technology within the intended context of use, based upon the overall user experience. This premise is supported by Baber, 7 in asserting that usability should be considered as a shorthand description of the complex inter-relationship between people and technology, and most definitely not as an attribute of a product. Such an attribution fallacy stipulates usability as an interface quality that can be governed by the presence or absence of specific interface features, leading to an over dependence on guidelines, heuristics and prescriptive checklists for the design, as opposed to targeting the overall experience between people and technologies. This paper presents a brief overview of the application domain and the underpinning theory of TAM. An extended model of acceptance is consequently presented, incorporating human factors as moderators and aspects of affective satisfaction. The model is then rigorously tested for validity, so that empirical conclusions can be drawn. The paper ends with a discussion of concerns highlighted by TAM within the educational domain and implications of human factors for the design of future interactive systems.
APPLICATION
The concept of AR incorporates the use of technology applications that allow the use of 2D or 3D scenes of synthetic objects to enhance and augment the users' visual perception of the real environment. 8 9 The co-existence of computer-generated virtual objects and the real environment constitute a "mixed-reality," where users can interact with the environment through appropriate input devices in real-time. Azuma 10 proposed three identifiers that define the field of AR: (a) "AR combines real and virtual objects in a real environment; (b) runs interactively, and in real time; and (c) registers (aligns) real and virtual objects with each other."
The technological application used for this study is a mobile AR system for science education, developed as part of the CON-NECT project (IST-507844). This approach used a technologyenhanced learning environment whereby users wear a Head Mounted Display (HMD) to augment their field of view, by way of virtual extensions to the real world. 11 This can aid the user in visualising typically non-tangible phenomena that are difficult to conceptualise via traditional methods, such as textbooks or different forms of multimedia. Multimedia tools capitalize on the students need for more interactivity that has shown to enhance students' beliefs in enhanced learning. 12 In adding virtual content, such as airflow, magnetic fields or force variables to the users real world view, it AR provides a mixed reality solution to science teaching. AR and truly wearable technologies are viewed as an emerging technology that is not yet commonplace within the public domain. The potential for useful and productive applications within all encompassing domains, such as education, manufacturing and maintenance, 13 defence, 14 surgery 15 and emergency services 16 are widely documented. Although users of the system may be accustomed to using interactive systems, such as, personal computers and mobile technologies, mobile phones and MP3 players, the AR system that comprises of a HMD and backpack (containing the CPU), as identified in Figure 1 , represents a completely new experience, whereby existing factors of acceptance may be challenged and a totally new set of factors may be manifested.
THEORETICAL FOUNDATIONS
User acceptance has been widely investigated within the management and information systems literature. Several models have been proposed to explain and predict prospective technology usage including task-technology fit, the theory of planned behaviour and the theory of reasoned action (TRA). TRA proposes that beliefs and implicit evaluative responses formulated by the user during hands-on interaction directly affect attitudes and future behavioural intentions. 17 Behavioural intentions are strongly argued as being the most accurate criterion obtainable in predicting future actions of users. 18 Within this model, beliefs and evaluations are direct responses to external stimuli, typically perceptions of the technology and other contextual factors. Behavioural attitudes are defined by the values held by the user with regard to the consequence of the specific future intended behaviour. Figure 2 shows a simplified causal chain of acceptance, adapted from TRA, identifying the key issues that have been already discussed by Shepherd 18 and others. For any prediction to be easily deduced and be reliable, models must adhere to the correspondence principle, stipulating that user beliefs and attitudes must be specified in a manner that is consistent across time, target and context with the behaviour of interest. 17 TRA relies on this theory to predict intention and adoption, by identifying beliefs and attitudes about a specific behaviour (e.g., the use of an AR system), in a particular context (e.g., science education), at a particular point in time (e.g., this week). Attitudes toward the desired behaviour are fundamental to this premise, as opposed to attitudes toward an outcome or condition. For example, focusing on attitudes towards learning science is more insightful than focusing on attitudes toward becoming a scientist. TRA provides the influential theory underpinning the development of TAM, which was first developed by Davis (1989) to explicitly explain and predict computer usage behaviour. TAM denotes two key perceptions as predictors of a user's intended future behaviour, namely, usefulness and ease of use. Perceived usefulness is defined as the users' "subjective probability that using a specific application system will increase his or her performance within an organizational context." 19 Perceived ease of use refers to "the degree to which the user expects the target system to be free of effort." 19 Consistent with TRA, the users' attitude toward use mediates the relationship between these two cognitive measures and intention, and is defined as being the users' desirability toward using the system. The core TAM model is presented in Figure 3 .
Since its introduction, TAM has been widely investigated and empirically validated in the Management Information Systems (MIS) literature, accounting for up to 10% of yearly publications in credible MIS journals 20 indicating that TAM became a major stream of research effort. The target applications of the model have been anchored to common desktop-based information systems, such as, email, general internet usage, word processing and spreadsheets, 21 while the more outreaching have investigated groupware, 22 expert support systems 23 and telemedicine technology. 24 Undoubtedly, TAM is mainly used in a traditional sense for predictive purposes at, or shortly prior to, the point of considering implementation, which implicitly infers that a technology has reached a level of maturity acceptable for commercialisation. There have been minimal investigations into how users experience changes with technology over the course of a technologies maturity, or the observed effects when innovative technologies break away from the grey box paradigm of desktop personal computers and challenge users to adapt to new interaction and presentation mechanisms.
Future research may profitably seek to establish how early in the development process of a system, for example, even before a working prototype is built, we can measure key user reactions, such as perceived usefulness and intention, and still rely on them as indicators of post implementation success of the system. 25 Initial research into this area, by Davis and Venkatesh, 2 has established that robust perceptions of usefulness can be gained using low fidelity system prototypes, but hands-on usage is required before perceptions of ease of use can be reliably made. This study adds to this current research theme by investigating user evaluations of a prototype system after an initial hands-on experience. Furthermore, this investigation posits further usability factors to the core TAM model within the domain of education and future innovative technologies. Figure 4 details the research model that will be tested in this study. Recent TAM studies have sought a more parsimonious model and consequently omitted the attitude construct. However, attitudes are central to the framework of TRA and considered particularly important within an educational setting. 26 Within this context, students may not believe that using the system or any other form of interactive multimedia is the most effective way to learn. Consequently, students may not even use the tool at all within a discretionary context, such as a science centre. This opposes the traditional TAM research, which is focussed on intention to use within a work environment, whereby use is typically non-voluntary. Students have the option to choose which educational tools to use and the extent to which these tools will be utilised.
RESEARCH MODEL AND HYPOTHESIS

Model Specification
This study posits that attitudes related to affect and cognition are considered as two distinct mental faculties. This is supported by substantial theory suggesting that affect operates as an independent process and serves as input to both cognitive and behavioural operations. 27 prior to highly structured cognitive processes and that such 'precognitive' affective reactions function as a predictive entity to motivated behaviour. Affect incorporates various aspects of users' moods, emotions and feelings and is considered a fundamental aspect of human nature. 1 30 Furthermore, it has been recognized that emotively pleasing technologies work better, are used more regular, are easier to learn, and produce a more harmonious user experience. Thus affect and emotion should have an important role in the design and evaluation of interactive technologies. 1 In this respect, affective reactions as evaluative responses are hypothesised to influence users' motivational beliefs toward ease of use and usefulness, while these can in turn influence subsequent behaviours. With respect to technology acceptance, Yang and Yoo 31 differentiated between affective and cognitive attitudes, as how much the user likes the object of thought 32 and an individual's specific beliefs related to the object, 33 respectively. Yang and Yoo 31 concluded that cognitive attitudes are good predictors of use in mediating the relationship between user perceptions of usefulness and ease of use with actual usage of the system, but they established no predictive power with the affective dimension. The present study specifies affect as a core component of user satisfaction, which is a central theme within the usability literature, and is incorporated in satisfaction ratings, such as SUMI, 34 and legislated for by ISO 9241-11. Thus, satisfaction is conceptualised as the affective response to the extent with which users like the target system, and is therefore viewed as an object-based belief. 35 Whereas object-based attitudes and beliefs have previously been found to be poor predictors of technology acceptance 36 and user satisfaction in particular, while also identified as a weak predictor of system usage, 19 37 38 there has been sparse distinction between the cognitive and affective factors of such investigations. Conversely, research into Perceived Affective Quality (PAQ) has consistently found core affects to be significant antecedents of ease of use and usefulness perceptions. 30 However, these studies have not provided a clear distinction between cognitive and affective processing systems in studying attitudes per se. Consistent with PAQ studies, it is hypothesised that a person perceiving IT to be positive and stimulating, and thus indicating a high level of affective satisfaction, will be more likely to perceive IT as more easy to use (H1). Similarly it is also hypothesised to be more useful in performing a specific task (H2).
Moderating Factors
As shown in Figure 4 , a variety of moderating factors will be investigated within this study. It is hypothesised that these factors will have a significant effect upon the core constructs of TAM. Differences between gender will be also studied to investigate whether females indicate equivocal levels of acceptance as male users of the system. The duration of use will be also investigated to examine whether users who interact with the system for shorter time exhibit comparable perceptions as users who interact with the system for longer time. Due to the wearing the AR system, exertion will be measured using the Borg Relative Perceived Exertion (RPE) scale 39 as an approximation measure of overall physiological effort (Fig. 5) . A general rule of thumb, when using the scale, is that multiplying the rating value by 10 gives an approximation to heart rate. A value of 13 (somewhat hard) should relate to a heart rate value of around 130 bpm. For the purposes of this study, a pre-and a post-test measurement were obtained, and the difference between these two values was used as an indicator of exertion, whilst interacting with the system. In addition to exertion, the overall sense of users' well-being will be determined with an assessment of comfort. Measuring comfort across six dimensions, the comfort rating scales (CRS) were developed specifically for the assessment of wearable computers. 7 The six dimensions are Emotion (concerns about appearance and relaxation), Attachment (comfort related to non-harmful sensation of the device on the body), Harm (physical sensation conveying pain), Perceived change (non-harmful indirect physical sensation making the wearer feel different overall with perceptions such as being awkward or uncoordinated, may result in making conscious compensations to movement or 6 No exertion at all 7
Extremely light 8 9
Very light 10 11 Light 12 13 Somewhat hard 14 15 Hard (heavy) 16 17 Very hard 18 19 Extremely hard 20 Maximal exertion actions), Movement (conscious awareness of modification to posture or movement, due to direct impedance or inhibition by the device), and Anxiety (worries as to the safety of wearing the device and concerns as to whether the wearer is using it correctly or it is working appropriately). By measuring across these six dimensions, the CRS attempts to develop a comprehensive assessment of the comfort status of the wearer. It is hypothesised that comfort will have confounding effects upon the core constructs of technology acceptance.
METHOD
A cross validation technique was implemented, whereby the model was developed using a calibration sample and then confirmed using an independent validation sample. The calibration sample utilised results gained from the first phase of testing (n = 80), while the confirmation sample used results from the second testing phase, after minor improvements had been made to the system (n = 90). Different participants were used in each sample and, therefore, a longitudal analysis was not considered as appropriate in the context of this study. For the sake of brevity, only the pooled results are presented here. The models were tested using a nested approach in Amos 6.0 to attain appropriateness of pooling through the progressive constraints of the measurement approach. Pooling was appropriate based upon these results and was considered necessary to gain adequate sample sizes for reliable estimates of the hypothesis testing and for investigating the effects of the moderating factors.
Participants
The sample group was composed of users from four European Union countries, who were visiting respective science and technology centres, as part of planned school visits. This group of users was deemed representative of the potential group of users of the CONNECT mobile AR system. In total 91 males and 79 females participated in the study. Further details concerning the sample can be found in Table I .
Scale Development
The TAM items were adapted from previous studies to preserve validity and reliability of the core constructs; Perceived Ease of Use (PEO); Perceived Usefulness (PU); and Behavioural Intention (BI) and facilitate the comparability of findings. 2 22 25 The satisfaction construct was added after selecting appropriate affective semantic differential items from the Questionnaire for User Interface Satisfaction (QUIS) 40 usability satisfaction questionnaire, based upon the recommendations from Crites et al. 41 Crites and colleagues defined affective scales as the position that best describes respondents' feelings toward the object, whereas the cognitive scales (ATU) indicate the position that best describes the traits or characteristics of the object, which are conceptualised in this study as attitudes toward the desired behaviour. Participants indicated their level of agreement based on a seven point Likert scale, whereby 7 indicated strong agreement and 1 indicated strong disagreement, except for ATU that used a 7 point semantic differential and satisfaction (SAT) that implemented a 9 point semantic differential. A pre-test was conducted on the scale items, using 30 participants to assess the face validity of each scale that was used within the final study. The pre-test was adapted according to the feedback obtained, but these results are not used in the work reported in this study. The questionnaires were translated into the native languages of the users prior to the study, following a rigid translation procedure. 42 
Tasks
All users were given an initial introduction to the AR experience via a short group demonstration, and interacted with the AR system for an average duration of 8.25 minutes (SD 3.18). Questionnaires were administered immediately after their interaction. This means that the analysis is based on users moving from completely naive, with respect to the use of the technology, to having an initial experience. While this does not address issues associated with long-term use, it does provide a very good reflection of the type of environment in which the technology is proposed to be used. For example, visitors to a museum may be provided with the technology and if, after a few minutes experience, it performs satisfactorily and they can see its potential benefit, they will continue to use it. On the other hand, if this initial experience is unsatisfactory, then intention to continue using the system will be very low. The specific tasks users were required to perform varied between each science centre, due to the different exhibits that were augmented. The nature of tasks involved hands-on interaction with the physical exhibit, manipulation of variables viewed via the HMD and observation of the virtual extensions, thus implementing generic selection and observation tasks.
6. RESULTS
Scale Assessment
The scales were tested for construct validity using common factor analysis (principle axis factoring) with promax rotation. An oblique rotation was used, so that factors are free to correlate, and is a preferred method when using Structural Equation Modelling (SEM). The number of factors was specified by examining the scree plot recommending units. To assess discriminant validity, all variables should load significantly upon its intended construct, but always less to the other constructs. As can be seen in Table II , all items loaded on their intended construct by at least the 7 level suggested by Nunnally and Bernstein 43 and no cross loadings were within the alternate constructs.
Since the data was collected from a single source (e.g., selfreport questionnaire), there exists a possibility for the occurrence of common method variance. 44 A Harman single factor test was conducted, using exploratory factor analysis on all 18 items, to determine the extent of common method variance in the collected data. For unique variance to be obtained, the factors are forced to be uncorrelated, and therefore an orthogonal analysis with varimax rotation was used. The total variance explained by the five factors was 76.2%, with explained variance ranging from 12.87% to 18.45% for each factor. These results suggest that no single factor could explain most of the variance, indicating that the common method bias is not suspected as a likely contaminant of the results observed in this study. Cronbach's alpha was further used to assess scale reliability and, as it is shown in Table III , all factors are above the suggested .7 threshold, indicating good construct reliability. 43 Fornell and Larcker 45 further suggested that average variance extracted (AVE) can be used to evaluate discriminant validity. The method to assess the discriminant validity of the constructs in this study requires that the square root of AVE for each construct should be greater than the correlations between that construct and all other constructs. Table IV shows the correlation matrix of the constructs with the AVE on the diagonal. This value should be higher than any correlation within either the horizontal or vertical correlation matrix. In this study, the assessment of discriminant validity did not reveal any problem.
Measurement Model
The hypothesised model, shown in Figure 6 , was then subjected to rigorous testing using the Structural Equation Modelling (SEM) package; Amos 6.0 to test the measurement model for adequacy. The results of the full SEM analysis as well as the confirmatory factor analysis can be seen in Figure 6 . Assessment with respect to exact model fit is principally assessed by the p value of the chi squared test statistic. Ultimately, this should be non-significant as this test is in effect a badness of fit test. The value of 13 signifies that the model is an excellent fit for the data collected. Further fit statistics, which address parsimony, complexity and sample size have been suggested by various sources including Hu and Bentler 46 and are shown in Table V. Although the model provides a good fit to the data, but there are several points that deserve further exploration. The relationship between PEO and ATU was found to be insignificant, while previous research has questioned the stability of the PEO construct as results have been mixed. Sun and Zang 21 discussed that 6 linkages, out of 19 models that were studied, reported insignificant relationships between PEO and ATU. The results of the study further support the argument that perceived ease of use is not a stable measure of acceptance across different technologies, applications and levels of user experience. 19 46 47 This indicates that unless the user perceives the system as being useful first, then the ease of use of the technology has no influence on user attitudes and intentions to use. However, given a situation whereby users perceive two technological systems to have equivalent usefulness, the system that is perceived to have higher ease of use will be used. 19 Satisfaction had a significant effect upon all hypothesised TAM constructs, in particular those related to perceived usefulness. Overall 64% of the variance in intention was explained by the model, whereas typical TAM studies often mediate at 40%. This result signifies that ease of use, usefulness, user satisfaction, and attitudes toward use are highly significant factors, when users are introduced to a completely new technological paradigm.
Moderating Factors 6.3.1. Gender
The next step was to include the suggested moderator variables into the model in order to gain further insights. Multiple group analyses were performed using a nested approach in comparing two sub-samples, which were selected according to gender or based on a median split of the respective moderating variables of comfort and exertion. Arbuckle 48 specifies that a model with equality constraints (e.g., Males) is compared to a model that allows the parameters to vary (e.g., Females). The purpose of testing latent mean structures is to test the equivalence of means related to each underlying factor. Because these factors cannot be observed directly, latent means can be calculated for one group only. The complete results of the gender analysis are shown in Table VI . Table VI shows that there were two highly (p < 0 01) significant results from the analysis concerning gender. Females reported lower levels of satisfaction and usefulness. Furthermore, there was one significant (p < 0 05) reported measure of lower attitude toward use and one approaching significance (p < 0 08) result, indicating lower behavioural intention for females. Previous studies in educational research have examined the gender differences in perceived usefulness of computer technologies and found that male students consistently evaluated computer technologies as more useful than female students. 49 50 Furthermore, there is a growing amount of evidence indicating that males are generally more experienced with, and hold more positive attitudes about, computer technology than females. 51 These differences should be taken into account for explaining the observed differences in satisfaction, attitude towards use and behavioural intentions. A more complete analysis of gender differences in e-learning acceptance is presented by Ong. 49 These results provide further evidence supporting the conclusion that males are more willing to use technologies within an educational setting. To evaluate the relationships between constructs regarding issues of gender, the unconstrained models (whereby all parameters are free to vary) for males and females were calculated. The results of this analysis can be seen in Table VII .
The most compelling differences observed on the moderating effects of gender can be seen in the role of affective satisfaction. The total effects of satisfaction on attitudes towards use and behavioural intention for females is statistically significant (p < 0 01). There is evidence to support the premise that female's show a relatively high tendency toward emotion, of which affect is closely related to Ref. [52] . A more detailed analysis of the data in Table VII reveals that this discrepancy can be principally attributed to the larger direct effect of satisfaction on usefulness for females (p < 0 001), while males satisfaction has a stronger direct effect on ease of use than females (p < 0 001).
Comfort
Further analyses were conducted for the measures of user comfort and perceived exertion. Table VIII presents descriptive statistics for the dimensions of the measure of user comfort.
In each case, the users who reported higher levels on each variable were used as the reference group. Based upon the results of the gender analysis, and to err on the side of caution, so that gender differences did not contaminate the results, a stratified median split was used, so that equal numbers of males and females were in each High/Low group. T -tests were calculated to examine whether the mediating variables related to comfort and exertion influenced the observed gender differences. There were not any statistically significant differences between gender differences of these variables. However the "emotion" dimension could be considered as approaching significance (p < 0 08) in that females (6 03 ± 5 40) scored higher than males (4 62 ± 4 51), suggesting that females were more embarrassed and self-conscious wearing the system. The results of the Latent Mean Analysis between Table IX (note that to save space only the significance levels of mean differences are indicated.). Observations of the highly significant effects of user comfort on the TAM constructs indicate that users' perceptions of restricted movement, whilst wearing the system, had a major influence upon user satisfaction. There was also a highly significant effect of user perceptions of harm on the users' attitude towards use. Given that attitude denotes cognitive attitudes about a specific behaviour, this result implies that the health and safety of the user is paramount to technology acceptance, and this also has a direct bearing on user intentions. User emotion has a pervasive influence upon the majority of the TAM constructs, indicating that the way the system makes them feel, and self perception regarding how the users look to their peers is central within the context of this study. This may be due to the age of the user group used in this study, but the direct influence on behavioural intentions should be of major concern in system development and the user requirements' management processes. Ease of use was only marginally effected by comfort, in that perceptions of how "different" users felt when wearing the system had a moderate effect on how they were able to operate the system, perhaps due to adopting new interaction methods that were not as familiar or natural. It is clear from Table IX that the dimensions of user comfort have a profound influence upon the user attitude toward use, and that the multidimensional attributes of comfort should be considered mainly as cognitive processes of wearability.
The Borg Relative Perceived Exertion scales used to measure levels of energy expenditure, with no apparent change in work rate or level, can be used as an indication of physiological fatigue. A median split of the data was conducted based upon the observed difference between user ratings at rest (pre-test) and after interaction with the system (post-test). The results show that the users who indicated levels of physical fatigue had negative consequences on ease of use (p < 0 05), and also direct effects on user attitudes to use the system (p < 0 05). However, exertion was not perceived to significantly affect user satisfaction or usefulness, and ultimately had no direct effect on behavioural intentions. The duration of use that varied considerably among users was also tested. Interestingly, the duration of use had no significant effects, indicating that users who used the system for the shortest time period (2 minutes) were able to provide accurate measures of acceptance as users who used the system for 25 minutes. The average duration of use was 8.25 minutes with a standard deviation of 3.18. Future research would profitably seek to rigorously validate these findings by using a longitudal analysis comparing results from prototype testing studies with attitudes and beliefs held by users after the system has been implemented and prolonged use by users.
DISCUSSION
The TAM based approach to human factors evaluation is considered as 'sociological', in that the method seeks to develop an understanding of the responses that people have concerning their work and the technology. 7 Given this perspective, 'evaluation' becomes a matter of reflecting on such responses. This distinction on the definition of the term 'evaluation' is based upon the original classification of craft, engineering and applied science approaches to evaluation specified by Long and Dowell. 53 Whereas an applied science approach merely seeks to develop fundamental principles of human behaviour with technology, the sociological approach verifies theoretical understanding, by incorporating the context of use to reflect real life practices in real environments. An interesting observation of TAM is that ease of use is probably the closest concept to the notion of 'usability' found in the Human Computer Interaction domain. The implication is that while effort is put into usability during the design process, it might not have a direct bearing on the intention of end-users to actually make use of the system. ISO 9241-11 defines usability as " the extent to which a product can be used by specified users to achieve specified goals with effectiveness, efficiency and satisfaction in a specified context of use." It has also been proposed that usefulness is theoretically indifferent to system effectiveness, 54 whilst the present study effectively modelled a core component of satisfaction as a determinant of user acceptance. This provides compelling evidence that TAM can be used effectively as a complementary evaluation tool, in particular when using a sociological approach for human factors evaluation. Adequate model fit and the indifferent results, found in investigating duration of use, suggest that user perceptions of a system are formed even after limited exposure to the system. Therefore, employing TAM is deemed theoretically appropriate for diagnostic purposes during early development stages of any new system.
A prominent finding of the study clearly indicates that perceived ease of use had no direct effect upon attitudes and intention to use. Although previous research established that this relationship was unstable across differing applications and contexts, this result was unexpected due to two distinct theoretical premises: (1) Unfamiliarity of the users with the specific technology. Perceived ease of use has been reported to have a highly significant influence on attitudes and intentions, when users are first introduced to a system. This familiarity with the technology deteriorates over time. 25 (2) In the domain of education, users direct their attention to the learning demands and the content, and the limited resources are taken up by learning and thus they do not operate and do not interact with the system. Davis 19 argued that the lower cognitive burden imposed by a technology, the more attention-based resources are made available for focusing on other matters, such as the learning content.
The insignificant effect of "ease of use" perceptions that was observed in this study could be attributed to the distinct nature of the technology and the task. AR systems are able to take advantage of natural gesture interaction; interaction using the CON-NECT system allows users to freely move around the exhibit space and physically interact with tangible exhibit properties. The AR system tracks the position and orientation of the user and captures the variable states of the exhibit. Then the system updates the augmented view, within the HMD screen, according to these interactions. Therefore, the transparency or ambiance of the technology solution is suggested as being attributable to the low influential effects of ease of use. This limits the ability to generalise from this study that ease of use will have no significant effect on user attitudes for alternate AR tasks that employ different forms of interaction and manipulation. However, the results show that if users perceive the system to be useful, they are more likely to try a new technology if they perceive that little cognitive effort would be required for interacting with the system. This is important for technologies whereby usage is described as discretionary.
The affective component of user satisfaction was found to have significant effects upon user motivation and cognitive attitudes towards use. However, caution is always needed for [any] studies that report low standardised structural paths. Observations made by Meehl 55 support that the standardized paths should be at least 0.20 and ideally above 0.30, in order to be considered meaningful within a real world context. Anything lower may be due to what has been coined the crud factor whereby "everything correlates to some extent with everything else" due to "some complex unknown network of genetic and environmental factors." 55 Figure 6 shows that the relationships between satisfaction and perceived ease of use and between satisfaction and attitudes towards use were statistically significant, but should be interpreted with caution. However, given the strong relationship between satisfaction and perceived usefulness, the results could indicate that the evaluation or affective response focussed primarily on the content being provided to the users As the content was directed at the elucidation of specific museum exhibits, and as the content provided information that the users may not have previously had, such instruction could have been felt to the useful by individual users. Thus, the perceived usefulness could well have resulted from the contextualised presentation of content to the users, and how this new experience impacted users affective reaction. This would suggest that both the underlying concept of providing content in context, and the content itself, were perceived to be useful to the user group and contributed to their satisfaction. This premise was also supported by Wixom and Todd 56 who distinguished between system and information satisfaction, finding that information satisfaction had a significant influence on perceived usefulness, whilst system satisfaction significantly influenced ease of use.
Moderating effects regarding wearability provided insights into the effects of user acceptance, when systems go beyond the desktop. The results show that dimensions of comfort are principally cognitive evaluative responses with respect to future intended actions, with several comfort attributes serving ubiquitous effects among several indicators of acceptance. Most notably concerns towards harm, emotion and restricted movement of the user should be taken into account for the design of similar systems. Such results can be utilised in refining user requirements when considered within an iterative design lifecycle. Issues relating to gender can also reveal insights into individual differences, the differences in this study could be due to preferred learning styles, as well as generic attitudes towards technology.
LIMITATIONS OF THE STUDY
There are several concerns to be addressed when interpreting the results from this study. First, investigating the use of e-learning is a relatively new domain for acceptance research, and perhaps this is the first study to investigate wearable computers as a medium for education within the context of TAM. Thus, caution needs to be taken when generalizing our findings to other user groups or contexts of use. Second, this study was conducted with a snapshot research approach, so additional research efforts are needed to evaluate the validity of the proposed model and our findings.
In using a split sample design, with independent samples, there is reasonable external validity. A longitudinal study using a withinsubjects design can enhance the understanding of the causality and the interrelationships between variables over an extended period of time, and as reliable usage factors prior to project completion. Finally, the sample size of 170, although large for user testing of research-led systems, is considered small but adequate for SEM research. As technologies become more specialised, it becomes increasingly difficult to gain large samples of representative users, and, when dealing with prototype systems, this is further confounded. Past research suggests that social, organizational, and cultural contexts influence individuals' decisions about technology acceptance. Analysis of cross-cultural effects were not incorporated within this study due to the limited sample size and model parsimony in integrating cultural effects, such as subjective norm. This study did not consider such "social" variables. Future research may seek to study how social norms and existing social practices influence the formation of individuals' attitude in the context of technology acceptance within educational settings and other future interactive systems.
CONCLUSION
The contributions of this study are five fold. First, it successfully models affective, motivational and cognitive attitudes and beliefs for users of a prototype system, after an initial use lasting very short time. Second, it provides an adequate interpretation of TAM within an e-learning context, in accurately predicting user intentions for future usage of adolescents. Third, it provides a clear distinction between affective and cognitive attitudes by incorporating a key component of user satisfaction within the TAM framework, and confirms the hypothesised contributions of affect on technology acceptance. In specifying affective response, as a primary component of satisfaction, and suggesting that investigations, whereby users are subjected to novel and innovative technologies, gaining responses geared toward affective reactions is beneficial. Fourth, the study provides empirical evidence suggesting that dimensions of comfort have moderating effects upon user acceptance when applied to wearable technologies, and that gender also plays a moderating role in user attitudes and beliefs. Finally, it shows how such results can be utilised within an iterative design framework for introducing emerging technologies that go beyond the traditional desktop applications used in the majority of TAM investigations.
The results of the study also indicate that ergonomic factors directed towards wearability of future systems have effects on user acceptance, and can differentially influence affective, motivational and cognitive processes. This study postulates usability as a description of the complex inter-relationship between people and technology in evaluating the holistic user experience of technologies within the intended context of use. Furthermore, this study should encourage researchers to widen the scope of acceptance research beyond desktop technologies. Technologies become more ubiquitous within domains such as education, entertainment and the workplace, and their acceptance should be an important consideration for all technological advancements, and wearable technologies. Augmented Reality, as a specific example of wearable technology, is no longer limited to research laboratories, but has been successfully implemented within the workplace of large multinational firms and therefore should be carefully studied to avoid a potential gap between acceptance theory and future interactive systems.
